Background: Increase in the diagnosis of prostate cancer has increased the incidence of radical prostatectomy. However, the literature assessing pain therapy for this procedure has not been systematically evaluated. Thus, optimal pain therapy for patients undergoing radical prostatectomy remains controversial. Methods: Medline, Embase, and Cochrane Central Register of Controlled Trials were searched for studies assessing the effects of analgesic and anesthetic interventions on pain after radical prostatectomy. All searches were conducted in October 2012 and updated in June 2015.
Background
Prostate cancer is the most common cancer in men, with more than 240.000 patients newly diagnosed per year in the United States alone [1] . Radical prostatectomy remains one of the key techniques to treat prostate cancer [2] , and the incidence of surgery has risen with improved prostate-specific antigen screening programmes [3, 4] .
Optimal pain management is known to influence postoperative recovery [5] , but patients undergoing open radical prostatectomy typically experience moderate dynamic pain in the immediate postoperative days [6] . Robot-assisted and laparoscopic surgery may be associated with decreased pain levels as opposed to open surgery [6] , but even here, abdominal and incisional pain are prominent sources of moderate dynamic pain scores [7, 8] .
The literature assessing the efficacy of various analgesic drugs and techniques in patients undergoing radical prostatectomy has not been systematically evaluated. Consequently, optimal pain therapy for patients undergoing radical prostatectomy remains to be defined.
The aim of the present systematic review is to evaluate the available literature on the management of pain after radical prostatectomy. Postoperative pain outcomes (e.g., pain scores and supplemental analgesic requirements) are the primary focus, but other recovery outcomes, including adverse effects, are also assessed where reported, and the limitations of the data are reviewed. This systematic review will also be used to determine the knowledge gaps, which will guide future research. In addition, this review can serve as a starting point for developing recommendations for clinical decision-making in the management of pain after radical prostatectomy surgery.
Methods

Systematic literature search
Medline, Embase, and the Cochrane Central Register of Controlled Trials were searched for studies comparing analgesic and anesthetic interventions in patients undergoing radical prostatectomy according to the Preferred Reporting Items for Systematic reviews and MetaAnalyses (PRISMA) guidelines [9] . All searches were conducted in October 2012 without restriction to the publication date by using a combination of text words and data-base specific controlled terms related to prostatectomy, analgesia and pain assessment. We also manually retrieved publications referred in studies identified by our preceding search. The search was updated in June 2015.
Study inclusion and selection
The selection process was performed in a two-step procedure. First, two reviewers selected studies independently by screening the titles and abstracts according to predefined inclusion criteria: randomized controlled trials (RCTs) published as full-text in English assessing analgesic, anesthetic and surgical techniques affecting postoperative pain in patients undergoing radical prostatectomy. In studies with mixed surgical procedures there had to be a defined prostatectomy subgroup. After retrieving potential relevant studies, full-texts were checked against the inclusion criteria once again. Any disagreements were resolved by consensus. In the case of insolvable discrepancies, a third reviewer was involved in the discussion.
Quality assessment and outcome analysis
For the critical appraisal of included studies we used the Cochrane Collaboration's tool for assessing the risk of bias [10] . The data extraction tables summarize pain scores, supplementary analgesic use and time to first analgesic requirement. It was assumed that the postoperative pain scores were assessed at rest, unless otherwise specified in the study report. Studies were stratified according to the regimen (analgesic, anesthetic and operative), mode of delivery (systematic or local) and class of agent. The assessment of the risk of bias and data extraction were conducted by one author and checked by a second author. Any disagreements were resolved by discussion or by consultation of a third reviewer. Quantitative metaanalyses were not performed, owing to the limited number of included studies with homogenous designs reporting similar outcome measures.
Results
Study selection process
In the search until October 2012, 38 studies met the inclusion criteria (Fig. 1) , of which, an open approach was performed in 34 studies , a laparoscopic approach was performed in 1 study [44] , and a robotic-assisted laparoscopic approach was performed in 3 studies [45] [46] [47] . Due to insufficient reporting the surgical approach was unclear in one study [48] .
Risk of bias in included studies
The quality of all included studies was moderate to poor and most studies had similar flaws (Table 1) . For the qualitative analysis the trials were assigned to 2 broad groups: pharmacological techniques and anesthetic techniques. There were no studies that compared or utilized multimodal pain interventions.
Pharmacological interventions
The trials assessing analgesic interventions were grouped into conventional analgesics (non-selective non-steroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase (COX) 2-selective inhibitors, lidocaine, and opioids); adjunct drugs with analgesic activity (α2 agonists, α2δ ligands [gabapentin and pregabalin], muscarinic receptor antagonists and N-methyl-D-aspartic acid [NMDA] antagonists [magnesium and ketamine]) (Table 2); and regional anesthesia techniques generally showed that these pharmacological approaches were useful (Table 3) . Four studies compared epidural analgesia with systemic analgesia, of which two showed a reduction in pain scores (Table 3) . Two studies evaluated intrathecal opioids with or without clonidine ( Table 3 ). Both showed improved pain relief, but increased frequency of pruritus was reported in one study.
Surgical techniques
Although a minimally invasive approach for radical prostatectomy has been rapidly adopted in clinical practice [3, 4] , there are only 4 RCTs assessing pain management. Moreover, between October 2012 and June 2015, only 2 additional RCT have been published assessing pain control using a robotic approach [49, 50] . These studies focused on adjunct techniques (i.e., penile block to improve bladder catheter tolerance [49] and intravesical ropivacaine [50] ) and both did not result in any improvement in pain control.
Anesthetic techniques
Three studies investigating the use of regional anesthesia, including combined procedures with general anesthesia, showed a reduction of analgesic supplemental use with regional anesthesia (Table 4) . However, the differences between groups with regard to pain scores were inconclusive.
Two studies compared spinal anesthesia with general anesthesia. Patients receiving spinal anesthesia had significantly shorter durations of surgery, reduced blood loss and lower pain scores on the day of surgery than patients receiving general anesthesia.
Discussion
This systematic review reveals that there is a significant lack of evidence to develop an optimal pain management protocol in patients undergoing radical prostatectomy. Most studies evaluating pain management after radical prostatectomy surgery assessed unimodal analgesic approaches . The optimal dose or timing of administration of analgesic agents could not always be determined. Although it is generally accepted that minimal access surgery for radical prostatectomy reduces postoperative pain, it is poorly studied.
Pain after laparoscopic/robotic prostatectomy is generally mild-to-moderate [7] . A recent observational, prospective cohort study that included a limited number of opioid-naïve patients reported that pain after robotic radical prostatectomy was adequately controlled primarily with NSAIDs and opioids [47] . Because opioids may delay recovery and increase the length of hospital stay [51] , due to opioid-related adverse effects such as nausea, vomiting and prolonged postoperative ileus [52] , nonopioid analgesics and/or regional analgesic techniques should be used as primary analgesics, and supplemented with opioids, only if necessary.
While we wait for appropriate procedure specific evidence for optimal pain management after minimally invasive radical prostatectomy, a basic analgesic technique, used in observational trials [7] , could include a combination of acetaminophen (paracetamol) and NSAID or COX-2 selective inhibitor along with wound infiltration of the trocar sites [5] . The choice between a traditional NSAID and COX-2 selective inhibitors should depend upon assessment of individual patient risks. Non-selective NSAIDs can increase the potential risk of bleeding [53] in contrast to COX-2 selective inhibitors. However, a recent randomized, placebo-controlled, double-blind trial in patients undergoing open prostatectomy reported that while parecoxib reduced opioid use and opioid-related side effects, blood loss at 24 h after surgery was significantly higher in comparison to the placebo group, corresponding to a 1 g/dL difference in hemoglobin [54] .
For patients undergoing open prostatectomy under spinal anesthesia, intrathecal morphine may be an appropriate alternative, assuming that proper precautions are taken for prevention of the morphine-related complications such as nausea and vomiting, pruritus, and respiratory depression. This is also supported by two recent studies reporting reduced intravenous opioid requirements after intrathecal morphine (150-200 μg), with a consequent decrease in the incidence of nausea and vomiting [55, 56] . However, there is a lack of data supporting superiority of epidural analgesia for this surgical procedure; two studies in this systematic review reported benefit from epidural analgesia [11, 22] , while two studies found no benefit of epidural analgesia over systemic analgesia [27, 31] . A recent study published after the completion of the systematic review reported that epidural analgesia increased by one day, the length of hospital stay and recommended its avoidance [57] . Two recent studies published after the deadline for inclusion in this systematic review, report controversial results concerning the analgesic effect of the transversus abdominis plane (TAP) blocks included in multimodal protocols [58, 59] . One placebo-controlled study published after the deadline of this systematic review reported that postoperative local anesthetic infusion via a subfascially placed wound catheter did not improve pain relief when combined with basic analgesic regimen consisting of acetaminophen and NSAID with opioid used as rescue [60] .
The limitations of this systematic review stem from the limitations of the included studies: particularly the inadequate study design (e.g., lack of double-blinding or explicit randomization) and lack of use of simple nonopioid analgesics when comparing more invasive techniques and a failure to evaluate all the potentially relevant analgesic agents and techniques for radical prostatectomy (especially infiltration techniques).
Thus, this review has identified several areas for future research when current data are insufficient or conflicting. There is a need for clinical trials evaluating multimodal analgesia techniques that would include combinations of paracetamol and NSAID/COX-2 selective inhibitor, and regional anesthetic techniques, with oral opioids administered only as rescue postoperatively. Future studies also need to evaluate the benefit to risk of continuous local anesthetic wound infusion and TAP blocks combined with multimodal analgesia. Also, large randomized clinical trials are necessary to assess the efficacy as well as optimal dose and duration of lidocaine intravenous infusion, ketamine and gabapentinoids. A study published after the deadline reported that a single preoperative dose (900 mg) of gabapentin reduced pain scores but not opioid requirements [61] .
Future trials should include multimodal enhanced rehabilitation protocols (fast track or enhanced recovery 
Conclusions
This systematic review reveals that there is a lack of evidence to develop an optimal pain management protocol in patients undergoing radical prostatectomy. Most studies assessed unimodal analgesic approaches rather than a multimodal technique. There is a need for more procedure-specific studies comparing pain and analgesic requirements for open and minimally invasive surgical procedures. Finally, while we wait for appropriate procedure specific evidence from publication of adequate studies assessing optimal pain management after radical prostatectomy, we propose a basic analgesic guideline.
Abbreviations PRISMA: Preferred reporting items for systematic reviews and meta-analyses; RCTs: Randomized controlled trials; NSAIDs: Non-steroidal anti-inflammatory drugs; COX-2: Cyclooxygenase-2; NMDA: N-methyl-D-aspartic acid; TAP: Transversus abdominis plane.
Competing interests
Over the past 5 years: Girish Joshi has received honoraria for consultancy and/or presentation from Pfizer, Mallinkrodt, and Pacira. Francis Bonnet, Narinder Rawal and Henrik Kehlet have received honoraria for consultancy and/or presentation from Pfizer. Francis Bonnet has received honorarium for consultancy and presentation from Nordic Pharma. Barrie Fischer has received honoraria for consultancy and/or presentation from Pfizer, B. Braun and AstraZeneca. Christian Simanski has received honoraria for consultancy and/or presentation from Gruenenthal, Merck, and Biomet. Edmund Neugebauer has received honoraria for consultancy and/or presentation from QRx Pharma, Gruenenthal, Janssen. The Anaesthesiology Unit of UWA, but not Stephan Schug privately, has received research and consultancy funding from Gruenenthal, CSL, Janssen Pharmaceuticals, Mundipharma, Pfizer, Phosphagenics and Biopharma.
Authors' contributions Girish Joshi: Participated in conception and design of study, interpretation of data, and drafting and revising the manuscript. Thomas Jaschinski: Participated in the acquisition and analysis of data. Francis Bonnet: Participated in conception and design of study, interpretation of data, and drafting and revising the manuscript. Henrik Kehlet: Participated in conception and design of study, interpretation of data, and drafting and revising the manuscript. All authors read and approved the final manuscript.
